Structure and function studies of the cGMP-stimulated phosphodiesterase.
Studies of cGMP binding to both the native cyclic GMP-stimulated phosphodiesterase and to two unique isolated chymotryptic fragments lacking the catalytic domain suggest that the enzyme contains two noncatalytic cGMP-binding sites/homodimer. In the presence of high concentrations of ammonium sulfate, 2 mol of cGMP are bound/mol of cGMP-stimulated phosphodiesterase homodimer. Under these conditions, linear Scatchard plots of binding are obtained that give an apparent Kd of approximately 2 microM. The inclusion of 3-isobutyl-1-methylxanthine produces a curvilinear plot. In the absence of ammonium sulfate, the dissociation of cGMP from the holoenzyme is rapid, having a t1/2 of less than 10 s, and addition of ammonium sulfate to the incubation greatly decreases this rate of dissociation. The native enzyme is resistant to degradation by chymotrypsin in the absence of cGMP; however, in its presence, chymotrypsin treatment produces several discrete fragments. Similarly, in the presence but not in the absence of cGMP, dicyclohexylcarbodiimide causes an irreversible activation of the enzyme without cross-linking the nucleotide to the phosphodiesterase. Both observations provide evidence that a different conformation in the enzyme results from cGMP binding. Only the conformation formed upon cGMP binding is easily attacked by chymotrypsin or permanently activated by treatment with dicyclohexylcarbodiimide. One major chymotryptic cleavage site exposed by cGMP binding is at tyrosine 553, implying that this region takes part in the conformational change. Limited proteolysis experiments indicate that these noncatalytic binding sites are located within a region of internal sequence homology previously proposed to include the cGMP-binding site(s) and that they retain a high affinity and specificity for cGMP independent of the catalytic domain of the enzyme. The products formed by partial proteolysis can be separated into individual catalytically active and cGMP-binding fractions by anion exchange chromatography. Gel filtration and electrophoresis analysis of the isolated fractions suggest that the cGMP-binding peak has a dimeric structure. Moreover, it can be further resolved by polyethyleneimine high performance liquid chromatography into two peaks (Peaks IIIA and IIIB). Peak IIIA binds 2 mol of cGMP/mol of dimer with an apparent Kd of 0.2 microM. Peak IIIB, however, has greatly reduced cGMP binding. Further digestion of these fragments with cyanogen bromide show that the differences between Peaks IIIA and IIIB are due to one or more additional proteolytic nicks in IIIB that remove a few residues near its C terminus, most probably residues 523-550 or 534-550. This in turn suggests that this region is essential for cGMP-binding activity.(ABSTRACT TRUNCATED AT 400 WORDS)